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The optimum temperature for germination of Ziziphus mucronata subsp. mucronata Willd . is 27"C in both light 
and dark. The seeds are typically light neutral in their germination response. No embryo dormancy is present 
in the seeds. Germination is completely inhibited while the seeds are still enclosed in the fruits. Apparently the 
pericarp contains no germination inhibitors nor does it restrict water movement to the seeds. The inhibitory effect 
of the pericarp is most probably due to restriction of oxygen supply to the seeds and/or mechanical resistance 
to embryo growth . The seeds are not very sensitive to water stress and can resist prolonged periods of soaking 
without showing any signs of soaking injury. This characteristic is probably an adaptation for survival during seed 
dispersal along drainage lines after flash floods. 
Die optimum temperatuur vir kieming van Ziziphus mucronata subsp. mucronata Willd .-sade in beide ligen donker 
is 2rc. Dit is ook duidelik dat die sade ligneutraal tydens kieming is. Geen primere rustoestand kom by die sade 
voor nie. Kieming van die sade binne die intakte vrugte word volledig gerem. Dit wil voorkom asof die perikarp 
geen kiemingsremstowwe bevat nie en of waterbeweging na die sade ook nie belemmer word nie. D.ie remmende 
invloed van die perikarp op die kieming van die sade is waarskynlik aan die beperking van suurstof aan die saad 
en/of meganiese weerstand toe te skryf. Die sade is nie baie gevoelig vir waterspanning nie en kan redelike lang 
periodes onder die water oorleef sonder om wekingskade op te doen. Die eienskap dui waarskynlik op 'n aanpassing 
vir oorlewing tydens verspreiding in dreineringslyne na stortreen. 
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Introduction 
Ziziphus mucronata subsp. mucronata Willd. is a representa-
tive of the Rhamnaceae. The trees often occur along rivers 
and this is sometimes considered to indicate the presence of 
underground water (Coates Palgrave 1981). The adult trees 
bear drupes from March to August. These fruits are almost 
spherical and about 1 em in diameter . The colour of the ripe 
fruit is reddish-brown. Approximately half of the fruits 
contain a single seed, while the remainder contain 2 seeds 
(Coates Palgrave 1981; Dyer 1975; Palmer & Pitmail 1972). 
The study area is situated at Glen Agricultural College 
(28°53'S; 26°20'E) close to Bloemfontein, and forms part of 
the dry Cymbopogon- Themeda veld (Acocks 1975). 
Although there were many adult fruit-bearing trees in the 
study area, no seedlings could be found. This observation 
posed the question of whether this is due to specific germina-
tion requirements of the seeds, the absence of viable seeds 
and/ or difficulty in seedling establishment. 
Various authors have shown that some seeds have a 
seasonal dormancy which prevents the seeds from germinating 
under unfavourable environmental conditions (Harper 1977; 
Roberts & Neilson 1982; Baskin & Baskin 1983a-d, 1984a, b; 
Froud-Williams et at. 1984; Bewley & Black 1985; Baskin & 
Baskin 1985; Thill eta/. 1985). Dormancy can be due to the 
seed coat preventing or interfering with water uptake, mecha-
nical restraint, or prevention of leakage of inhibitors. In 
addition, seeds of some species may not be dormant on 
dispersal but could be forced into a secondary dormancy by 
unfavourable environmental conditions (Bewley & Black 
1985). 
Seeds of trees that are close to or associated with drainage 
lines may, after dispersal, end up in temporary pools where 
an hypoxic environment exists. According to Morinaga 
(1926a, b) and Mayer & Poljakoff-Mayber (1982) seeds of 
some species can survive and even germinate under hypoxic 
conditions. Some seeds may survive such conditions without 
germinating and still be viable after being removed from the 
water, while seeds of other species may not be able to survive 
similar conditions (Mayer & Poljakoff-Mayber 1982). In the 
study area, individuals of Z. mucronata subsp. mucronata 
are closely associated with drainage lines. 
From the available literature it is evident that the germina-
tion of this species has never been characterized before. 
Therefore this study was conducted to determine the optimum 
germination conditions for the seeds of Z. mucronata subsp. 
mucronata. In addition the effect of soaking and water stress 
on germination was also determined. 
Materials and Methods 
Ripe Ziziphus fruits which were lying on the ground were 
collected during July and August 1985. Fruits were air dried 
for 3 weeks after collection. The moisture content of air-dried 
fruits was 5,60Jo, calculated on a dried-mass basis. Seeds were 
isolated from air-dried fruits by cracking the hard pericarp 
with a hammer and those seeds which were visibly damaged 
during isolation (25%- 30%), were discarded. Undamaged 
seeds were stored in screw-top glass bottles in the dark at room 
temperature. 
For germination trials, seeds were surface sterilized in 0,5% 
(m/v) Panacide (5,5'-dichloro-2,2'-dihydroxy diphenyl-methane) 
for 5 min at room temperature after which they were tho-
roughly rinsed with running distilled water. No difference in 
percentage germination between sterilized and control seeds 
were found . Except when otherwise stated, germination tests 
were conducted in 9-cm petri dishes on a single layer of 
Whatman no. 1 filter paper. For each treatment 3 replicates 
of 25 seeds per replicate were used. 
Initially 5 cm3 of distilled water was put into each petri-
dish. Thereafter an additional 2 cm3 of distilled water was 
added on every second day when the germinated seeds were 
counted and removed. This volume of water was adequate to 
moisten the filter paper without covering the seeds. Through-
out this study a seed was considered germinated when the 
radicle appeared (Bewley & Black 1985). 
I 
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Germination tests were conducted in the light and dark at 
seven different constant temperatures and two different 
alternating temperatures. White light was obtained by using 
'cool white' fluorescent tubes which delivered a quantum flux 
of 12,5 ~-tmol em - 2 s- 1 at the level of the seeds. Seeds which 
had germinated under the dark treatment were counted every 
second day under a dim green safe light (Smith 1975). 
Results and Discussion 
Seeds of Z. mucronata subsp. mucronata germinate over a 
broad range of temperatures (Figure 1). However, it appears 
that 27°C is the optimum temperature for germination. No 
further germination was observed after 8 days of incubation. 
No difference between germination in the light and dark was 
found (not shown). There appears to be no positive effect 
of alternating temperatures on germination. 
As a result all further germination tests were conducted at 
27°C in continuous white light and final germination counts 
were made 8 days after the start of incubation. 
The range of temperatures at which seeds germinate indicate 
that germination of seeds of this species is favoured by 
relatively high temperatures (17°C- 27°C). 
To determine the effect of the exo-, meso- and endocarp 
on germination, these structures were damaged by mechanical 
means. They were either slightly damaged or totally removed, 
as indicated in Figure 2, before seeds were used in germination 
trials. 
None of the undamaged fruits and only about lOOJo of those 
with an undamaged endocarp germinated (Figure 2). The lack 
of germination cannot be ascribed to the restriction of water 
movement through the pericarp (not shown). The highest 
germination was attained when the endocarp was either 
cracked (750Jo) or severely damaged and partly removed 
(800Jo). The much lower percentage germination in fruits of 
which the endocarp was scarified may be ascribed to mecha-
nical constraints by the relatively undamaged endocarp. The 
results in Figure 2 also illustrate that the pericarp apparently 
contains no chemical inhibitors but probably acts as a mecha-
nical barrier. 
Three different osmotica namely NaCl, mannitol and PEG 
8000 were used to determine the effect of water stress on 
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Figure 1 Influence of temperature on the germination of Ziziphus 
mucronata subsp. mucronata seeds in continuous light (17 e __ ; 
22ee .. .... ..... ; n ee __ _ _ ; 32ee ___ ; 3re _ ._ ._; 17/ 
2re _______ ). 
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germination. The water potential of NaCl and mannitol was 
calculated as described by Salisbury & Ross (1978) and that 
of PEG 8000 as described by Michel et a/. (1983). 
Seeds of this species are apparently not very sensitive to 
water stress (Figure 3). It is also evident that germination is 
much lower in the PEG solutions than in the other osmotica 
tested. This is most probably due to a thin layer of PEG 
solution which was observed during exposure of the seeds to 
the PEG solution. Due to the low oxygen solubility in PEG 
(Mexal et a/. 1975) this layer could create a hypoxic or 
anaerobic environment for the seed. 
To determine the effect of soaking on germination, 25 seeds 
per replicate were placed in 500-cm3 Erlenmeyer flasks . Each 
flask received 100 cm3 distilled water which was sufficient to 
totally submerge the seeds. After appropriate incubation times, 
seeds were removed from the soaking solution and placed on 
moist filter paper for germination as described. Germination 
of the seeds while submerged in distilled water was also deter-
mined. To saturate the soaking solution with oxygen, medically 
pure oxygen was bubbled through the soaking solution for 
approximately 5 min at a flow rate of approximately 500 cm3, 
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Figure 2 Influence of pericarp on germination of Ziziphus mucronata 
subsp. mucronata seeds at n ee in continuous light. Isolated seeds were 
used for the control. 
z 
0 
f= 
<( 
z 
~ 
a: 
w 
(!) 
o"-
100 
80 
60 
40 
20 
\ 
\ 
\ 
\ 
\ 
\ 
• 
' 
' 
' 
' 
' 
' \ 
' \ 
' 
' •---
0 -200 -400 -600 -800 -1000 · 1200 -1400 -1600 -1800 
WATER POTENTIAL (kPa) 
Figure 3 Influence of osmotica with different water potentials on 
germination of Ziziphus mucronata subsp. mucronata seeds. Germina-
tion was tested at n ee under continuous white light. Percentage ger-
mination was determined 192 h after the start of incubation. PEG 
( ___ ), Mannitol ( _ _ __ ) and Nael ( ). 
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min - 1 after which the solutions were sealed off from the 
atmosphere. 
The possibility that the PEG solution could create a hypoxic 
or anaerobic environment is strengthened by the results given 
in Table 1 which show that seeds of this species are unable 
to germinate while submerged in water. Only 41l7o of the seeds 
germinated after 8 days of soaking. This phenomenon can 
most probably be ascribed to the restriction of the oxygen 
supply to the seeds during soaking, as seeds do germinate 
during soaking in oxygen-saturated water (Table 1). In this 
regard it was also found that, although the seeds do not 
germinate under water, they can tolerate prolonged soaking 
(Table 2). When seeds were removed from the soaking 
solution, even after 196 h of soaking, a high percentage 
germination (70%) was obtained in petri dishes on moist filter 
paper (Table 2). This is unlike the seeds of Oryza sativa, 
Echinochloa crus-galli (Rumpho & Kennedy 1981) and other 
species (Morinaga 1926a,b; Heichel & Day 1972; Crawford 
1977), which can germinate under water in hypoxic or even 
anoxic environments. 
Because germination does not readily occur when the seeds 
are submerged under water, and because the seeds are not 
sensitive to soaking injury, it can be concluded that these 
characteristics have an ecological significance. As most of the 
trees in the study area are associated with drainage lines 
and the adjacent floodplains, these characteristics may be 
Table 1 Germination of Ziziphus mucronata subsp. 
mucronata seeds while submerged in water at 27"C in 
continuous white light 
Soaking 
period (h) 
24 
48 
72 
96 
120 
144 
168 
192 
192 + Oz 
fJ!o germination while submerged 
( ± standard error) 
0 
0 
0 
0 
0 
3 ± 2,1 
3 ± 1,1 
4 + 1,8 
72 ± 2,8 
Table 2 Germination of Ziziphus mucronata subsp. 
mucronata seeds after different lengths of soaking 
(27"C, continuous white lightt Percentage germina-
tion was determined after a total incubation time of 16 
days 
Soaking period (h) 
(o) Control 
24 
48 
72 
96 
120 
144 
168 
192 
192 + Oz 
% germination after a total incubation 
time of 16 days ( ± standard error) 
69 ± 3,9 
79 ± 3,9 
77 ± 7,6 
78 ± 3,9 
83 ± 1,1 
81 ± 2,3 
72 ± 8,6 
80 ± 6,8 
69 ± 5,7 
73 ± 2,8 
1 After the soaking period, seeds were transferred to petri dishes lined 
with moist filter paper 
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adaptations to survival of seeds after flash floods and the 
resultant dispersal of seeds along the drainage lines. In addi-
tion, it is obvious that the absence of seedlings in the natural 
habitat is not the result of specific germination requirements 
of the seeds nor is it the result of non-viable seeds. However 
the pericarp may play an important role in preventing germi-
nation under natural conditions. The effect of ageing on the 
pericarp is still unknown but is presently under investigation. 
It thus appears that the absence of seedlings is not necessarily 
related to germination requirements but rather to specific 
requirements for seedling establishment. 
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